A specimen of Mg-vermiculite from Santa Olalla (Spain) has been investigated. Powder diffraction data has been simulated and an experimental pattern refined by means of the DIFFaX+ software. The best modelling is obtained assuming the mineral to possess bidimensional periodicity instead of a tridimensional one: the structure can be described as a disordered sequence of two different types of layers, differing in the arrangement of the interlayer cations.
Introduction
Mg-vermiculite has been the subject of mineralogical, physical and chemical studies for several decades. This hydrous phyllosilicate is nowadays finding new interesting applications in environmental science [1] and nanoscience [2] . From a structural point of view, vermiculite is a 2:1 clay: a T-O-T unit (formed by the assembly of an octahedral and two tetrahedral layers) is present, with an interlayer filled with Mg 2+ hydrated cations (see figure 1 ). The crystalline structure of vermiculite has been theoretically and experimentally investigated by several groups (see e.g. [3] [4] [5] ), but the most widely cited model is still that proposed by Shirozu and Bailey [6] , which does not deal with disorder, because of its simplicity. The presence of defects such as stacking faults makes the diffraction analysis of this material a hard task.
Traditionally, the refinement of a structure from powder diffraction data is accomplished by means of the Rietveld method. Existing refinement software, however, assumes the structure to be periodic and the presence of defects is at most considered through a variational approach. Extensive amount of faults, leading to strong diffuse effects on the pattern, cannot be handled. An alternative approach has been proposed, where the recursive description of the stacking proposed by Treacy et al. [7] is employed. In the present paper, a preliminary structural refinement by using the DIFFaX+ software [8] , implementing a refinement routine based on the formula of Treacy et al., has been undertaken. The literature model proposed by de la Calle et al. [9] has been taken as the starting point. Experimental data have been obtained by X-ray diffraction (XRD) in transmission mode. As a result, DIFFaX+ software has allowed deal with such faulted structure in an easy and fast way, refining the structure of Mg-vermiculite from Santa Olalla with that model proposed by de la Calle et al.
Experimental results and discussion
A powder sample was prepared by milling some flakes of natural Mg-vermiculite from Santa Olalla (Huelva, Spain). A morphological study was conducted both by Scanning Electron Microscopy (SEM) and by Laser Diffraction using, respectively, a FEI Quanta 400 microscope and a FRITSCH MicroTec XT laser particle sizer. X-ray powder diffraction data were collected on an INEL XRD RG3000 diffractometer operating in Debye-Scherrer capillary transmission mode. The system is equipped with a cobalt tube and a primary beam Johannson-type monochromator. The crystalline and defect structure refinement was performed by means of the DIFFaX+ software v. 2.400. Figure 2 shows the morphology of the particles in the milled sample of natural Mgvermiculite sample: the maximum size is around 80 μm. Although particles show a heterogeneous morphology, a platelet-like habit is observed, as expected for a lamellar phyllosilicate.
Morphological study

Figure 2. SEM micrograph (500x) of Mg-vermiculite powder sample from Santa Olalla (Spain).
The particle size distribution was determined by laser diffraction. An effective particle diameter was calculated, as the diameter of the sphere that gives the same diffraction signal as the actual particle [10] . The granulometric curve obtained by laser scattering is shown in figure 3 . A multimodal distribution is apparent, the main fractions having an average of about 10 and 55 μm, respectively. 
Structural refinement
The most accredited reference for vermiculite structure is probably the work of Shirozu and Bailey [6] where the mineral is described as being monoclinic and ordered. It seems, however, that this model can just partly justify the observed features in the X-ray powder diffrac-tion pattern of the mineral. An alternative, not widely accepted by the scientific community, was proposed by de la Calle et al. [9] , who described vermiculite as semi-ordered. According to those authors, the structure is made of a stacking of two types of layers, A and B (see below), differing in the position of the interlayer hydrated cation. Moreover, the relative translations of those layers along the crystallographic y-axis are not unique. In the present work, the model of de la Calle et al. was assumed as the starting point for the analysis. Owing to the irregular nature of the stacking, the Rietveld method is not appropriate for the structural refinement. Moreover, due to the layered character of this material, preferred orientation (in particular 00l fibre texture, i.e. enhancement of the signal from basal reflections) is highly probably in a powder specimen, further contributing to render a fullprofile analysis quite difficult [11] . For this reason, techniques specially devised for the analysis of faulted structures need being used. In this case, the DIFFaX+ software, based on a recursive description of the stacking has been employed [8] . This methodology has been already tested on clay systems and proven to be effective for the modelling of complex layered systems [12] . XRD data collected in capillary transmission mode was undertaken, to limit the effect of preferred orientation. To test the relative efficiency of the ordered and semi-ordered models to describe the structure of vermiculite, different stacking configurations were simulated and compared (cf. table 1 and figure 4). Two types of layers (named, respectively, A and B) were considered, differing only in the position of the interlayer hydrated cation relative to the silicate surface layer. One modelling attempt has been made supposing a translation of ±1/2 along the y-axis (translation mode in table 1). The other models consider a translation of ±1/3, as usually admitted in vermiculites. Different sequences of the stacking have been considered by changing the probabilities of layer to layer transition. In particular, the random mode corresponds to a random alternation of A and B type layers, while the segregated one corresponds to a sequence favouring one type of layer being followed by a layer of the same type. In all cases a refinement was tried. The best match between experimental and calculated diffraction patterns was obtained for the alternated model. In that case, the translation and probability parameters describing the sequence were both refined, obtaining a R wp factor of 6.45% (see table 1 ). The probability of a layer being followed for other of the same type has been found to be 0.416, a bit lower than in a totally random model. In figure 4 , all calculated patterns obtained for the different stacking modes described in table 1, are shown and compared to the experimental pattern. It should be noted that the (02) reflection (aka (02l) diffraction band) between 21º and 25º 2θ is the most affected by the stacking mode parameters. The best refinement is obtained with a value of approximately ±1/3 for translations along the y-axis and almost equal transition probabilities for the various sequences.
A defective structure, with a small tendency to alternation of two similar types of layers seems to be the most suitable model for describing the stacking mode of this Mg-vermiculite from Santa Olalla (Spain) as has been obtained from DIFFaX+ refinements. Further investi-gations coupling powder X-ray diffraction and 1D Fourier analysis are in progress and the results will be presented elsewhere [13] .
Concluding remarks
A powder specimen of Mg-vermiculite from Santa Olalla (Spain) was analysed by X-ray powder diffraction. The structure was modelled by means of the DIFFaX+ software. A semiordered arrangement is confirmed to be the more plausible for this Mg-vermiculite. The parameters describing such stacking mode have been refined leading to a model that confirms that proposed by de la Calle et al., a preliminary difference being the uneven layer transition probabilities. The refined model is not totally random but certain tendency to alternation has been found. Further investigations using synchrotron powder X-ray diffraction are in progress to further validate this picture.
